Abstract. MicroRNAs (miRs) have been demonstrated to serve important roles in the development and progression of human cancer, primarily through the direct targeting of oncogenes or tumor suppressors. It has been previously suggested that miR-126 may be associated with endometrial cancer (EC). However, the exact role of miR-126 in the migration and invasion of EC cells has not yet been studied. The present study demonstrated that the expression of miR-126 was significantly decreased in EC tissues when compared with matched normal adjacent tissues. The current study reverse transcriptionquantitative polymerase chain reaction was performed in order to examine the expression level of miR-126. Wound healing and transwell assays were used to examine cell migration and invasion. A luciferase reporter assay was used to determine the targeting relationship and western blotting assay was performed to detect the protein expression. Furthermore, the overexpression of miR-126 significantly inhibited EC SKOV3 cell migration and invasion. Molecular mechanism investigation established that insulin receptor substrate 1 (IRS1) functioned as a direct miR-126 target, and its expression was negatively regulated by miR-126 at a post-transcriptional level in the SKOV3 cells. Additionally, the overexpression of IRS1 reversed the inhibitory effect of miR-126 overexpression on SKOV3 cell migration and invasion. In conclusion, the current study demonstrated that miR-126 inhibited EC cell migration and invasion, at least partially through the direct targeting of IRS1, suggesting that miR-126 may aid the treatment of EC metastasis.
Introduction
Endometrial cancer (EC) is one of the most malignant tumors to threaten the health of women (1) . Over the past decades, unremitting efforts to improve the diagnostics and subsequent treatment of EC have been attempted. However, the incidence rate of EC has risen, and the average age of EC onset has fallen (2). The age-standardised incidence is 9.1 per 100,000 women per year in more developed countries, compared with 1.7 per 100,000 per year in less developed countries (3) . The dysregulation of oncogenes and/or tumor suppressors has been demonstrated to serve a role in EC metastasis (1, 4) . Therefore, the development of potential molecular targets indicates promise for the treatment of EC progression.
MicroRNAs (miRs) are short, non-coding RNAs, which may cause mRNA degradation or the inhibition of protein translation by directly binding to the 3'-untranslated region (UTR) of their target mRNAs (5) . Through modulation of the protein expression of their target genes, which act as oncogenes or tumor suppressors, miRs are closely associated with the development and progression of human cancer, including EC (4). Among these miRs, miR-126 typically employs a suppressive role in numerous types of cancer, including non-small cell lung cancer, cervical cancer, gastric cancer, colon cancer, clear-cell renal cell carcinoma and chronic myelogenous leukemia (6) (7) (8) (9) (10) . Recently, miR-126 was suggested to function as a tumor suppressor in EC (1) . However, the exact role of miR-126 in the mediation of EC cell migration and invasion has not yet been studied.
Insulin receptor substrate 1 (IRS1) encodes a protein that may be phosphorylated by the insulin receptor tyrosine kinase, and mutations in IRS1 are associated with type II diabetes and susceptibility to insulin resistance (11, 12) . The role of IRS1 in EC was identified in the study by Hua et al, which demonstrated that there is an excessive activation of IRS1 in EC (13) . However, the regulatory mechanisms that underlie the expression of IRS1 in EC have yet to be studied.
The present study aimed to investigate the expression of miR-126 in EC tissues. Furthermore, the role of miR-126 in the regulation of the migratory and invasive capacities of EC cells was also investigated, as well as the underlying mechanisms involving IRS1. Transfection. Lipofectamine ® 2000 (Thermo Fisher Scientific, Inc.) was used to perform cell transfection, following the manufacturer's protocols. For functional analysis, the SKOV3 cells were transfected with scrambled miRNA as a nega tive control (NC), miR-126 mimic or miR-126 inhibitor (Thermo Fisher Scientific, Inc.), or were co-transfected with miR-126 mimics and IRS1 plasmid (all purchased from Nlunbio, Changsha, China), respectively.
Materials and methods

Tissue
Dual luciferase reporter assay. A QuikChange
® II XL Site-Directed Mutagenesis kit (Agilent Technologies, Inc., Santa Clara, CA, USA) was used to generate a mutant-type 3'-UTR of IRS1, according to the manufacturer's protocols. The wild-or mutant-type 3'-UTRs of IRS1 were inserted into the psiCHECK2 vector (Promega Corporation, Madison, WI, USA), respectively. For the luciferase reporter assay, the SKOV3 cells were cultured to ~60% confluence in a 24-well plate, and were then transfected with psiCHECK2-IRS1-3'-UTR or psiCHECK2-mutant IRS1-3'-UTR vector, with or without 100 nM miR-126 mimics, respectively. Following incubation for 48 h, a Dual-Luciferase ® Reporter assay system (Promega Corporation) was used to determine luciferase activity on the LD400 Luminometer (Beckman Coulter, Inc., Fullerton, CA, USA). Renilla luciferase activity was normalized to firefly luciferase activity.
Statistical analysis. All data are presented as the mean ± standard deviation. Differences were analyzed using a one-way analysis of variance. SPSS software, version 18.0 (SPSS, Inc., Chicago, IL, USA), was used to perform statistical analyses. P<0.05 was considered to indicate a statistically significant difference.
Results
miR-126 is frequently downregulated in EC tissues.
RT-qPCR was utilized to detect the expression of miR-126 in the EC tissues and matched normal adjacent tissues. As presented in Figure 1 . Reverse transcription-quantitative polymerase chain reaction was performed to examine the relative expression of miR-126 in the endometrial cancer tissues (tumor) and the matched normal adjacent tissues (normal). T/N, tumor/normal; miR, microRNA. Fig. 1 , the expression of miR-126 was frequently reduced in the EC tissues compared with the matched adjacent normal tissues.
Upregulation of miR-126 suppresses EC cell migration and invasion.
The role of miR-126 in mediating EC cell migration and invasion was investigated. Following transfection of the SKOV3 cells with miR-126 mimics or scramble miRNA mimics as a NC, the transfection efficiency was determined to be satisfactory. Subsequently, cell migration was analyzed by performing a scratch assay (Fig. 2A) . As presented in 
IRS1 is a target gene of miR-126.
According to bioinformatical predication, IRS1 is a putative target gene of miR-126. To verify this predication, the wild-type (WT) and mutant-type (MUT) IRS1 3'-UTRs were generated (Fig. 3A) . Following this, the luciferase reporter assay was performed to confirm whether miR-126 directly binds to seed sequences in the IRS1 3'-UTRs in the SKOV3 cells. As presented in Fig. 3B , the luciferase activity was significantly reduced in cells that were cotransfected with the WT IRS1 3'-UTR and miR-126 mimics (P<0.01); however, the luciferase activity demonstrated no difference in the SKOV3 cells that had been cotransfected with the MUT IRS1 3'-UTR and miR-126 mimics when compared with the control group, indicating that IRS1 is a target gene of miR-126 in SKOV3 cells. Subsequent to this, the SKOV3 cells were transfected with miR-126 mimics and miR-126 inhibitor, respectively, and this confirmed that the transfection efficiency was satisfactory ( Fig. 3C; P<0 .01). The protein level of IRS1 was then determined. As presented in Fig. 3D , the overexpression of miR-126 inhibited the protein expression of IRS1, while inhibition of miR-126 significantly enhanced the protein expression of IRS1 in the SKOV3 cells (P<0.01). These findings indicate that miR-126 negatively mediates the protein expression of IRS1 through its direct binding to the seed sequences in the 3'-UTR in IRS1 mRNA. 
A B C
IRS1 is involved in miR-126-mediated EC cell migration and invasion.
To further investigate whether IRS1 is involved in miR-126-mediated EC cell migration and invasion, SKOV3 cells were transfected with miR-126 mimics, or were cotransfected with miR-126 mimics and IRS1 plasmid. Following transfection, the protein expression of IRS1 in each group was determined, and it was observed that transfection with IRS1 plasmid reversed the inhibitory effect of miR-126 overexpression on IRS1 protein expression ( Fig. 4A; P<0.01) . Subsequently, the migratory and invasive capacities of the SKOV3 cells were examined in each group. As presented in Fig. 4B and C, the restoration of IRS1 reversed the suppressive effect of miR-126 overexpression on the SKOV3 cell migration and invasion (P<0.01). These findings indicate that IRS1 functions as a downstream effector in miR-126-mediated migration and invasion in EC SKOV3 cells.
Discussion
The migration and invasion of cancer cells are complex processes with numerous factors involved. The primary tumor cells infiltrate the adjacent tissue, and subsequently invade the systemic circulation. Here they penetrate the blood vessels and move into the distal blood capillaries, where they finally permeate into the soft tissues; this completes the migration and invasion process, thus forming a secondary tumor (14, 15) . In the present study, the primary aim was to identify the specific role of miR-126 in the regulation of EC cell migration and invasion. It was demonstrated that miR-126, which was frequently downregulated in EC tissues, served an inhibitory role in the regulation of migration and invasion in EC SKOV3 cells. Molecular mechanism investigations established that IRS1, as a direct target of miR-126, was involved in miR-126-mediated EC cell migration and invasion. The findings suggest that miR-126/IRS1 may aid the development of therapeutics to treat EC metastasis. In recent years, the identification of miRs has provided a novel approach for research into the development and progression of various types of human cancer (16) . Furthermore, the dysregulation of miRs has been identified to be closely associated with cancer metastasis. Among the miRs involved in cancer, miR-126 has been shown to typically function as a tumor suppressor. For example, Tavazoie et al reported that the expression of miR-126 was significantly lower in breast cancer patients than that in healthy controls, and patients with an absence of miR-126 expression experienced a shorter survival period than those with miR-126 expression (17) . Kim et al demonstrated that miR-126 expression was significantly downregulated in non-small cell lung cancer tissues compared with benign lung tissues, and high miR-126 expression was significantly associated with a favorable prognosis in patients with adenocarcinoma (18) . However, there has not been any thorough research investigating the association between miR-126 and EC.
In the current study, it was observed that miR-126 was notably downregulated in EC tissues when compared with matched adjacent tissues. Furthermore, it was also demonstrated that miR-126 served a suppressive role in mediating EC cell migration and invasion. Notably, similar data have been reported associated with other types of cancer. Feng et al performed in vitro and in vivo experiments and observed that miR-126 had marked inhibitory effects on the migration and invasion of gastric cancer cells (19) . Jia et al demonstrated that miR-126 inhibited the invasive capacity of bladder cancer cells (20) . Additionally, miR-126 has also been identified to inhibit the migration and invasion of colon cancer cells (21) .
The current study investigated further into the underlying mechanisms and observed that IRS1 was a direct target gene of miR-126 in the EC cells. This targeting association has also been reported in colon cancer cells and adipocytes (22, 23) . Furthermore, it has been demonstrated that insulin-like growth factor-I receptor signaling contributes to the development of endometrial hyperplasia, the precursor to EC (24) , and that IRS1 is a key mediator in oncogenic insulin-like growth factor signaling (25) . Yang et al reported that IRS1 was associated with the cisplatin resistance of gastric cancer (26) . IRS1 has been identified to be highly expressed in breast cancer, and regulates the sensitivity of breast cancer cells to chemotherapy (27) . In the present study, it was established that upregulation of IRS1 reversed the inhibitory effect of miR-126 overexpression on EC cell migration and invasion. Shaw reported that IRS-1 is involved in the α4β6 integrin-dependent activation of phosphoinositide 3-OH kinase and the promotion of invasion (28) . Additionally, IRS-1 can mediate cell migration through the formation of a dynamic complex with E-cadherin and α5 integrin under the control of α-catenin (29) .
Other target genes of miR-126 have also been reported in the literature. It has been noted that miR-126 inhibits the invasion of gastric cancer cells partially by targeting v-crk avian sarcoma virus CT10 oncogene homolog (Crk) (30). Liu et al reported that miR-126 inhibits the growth of gastric cancer cells by targeting phosphoinositide 3-kinase regulatory subunit 2, Crk and polo-like kinase 2 (31) . Thus, the present study expands on the understanding of the miR-126 targets and the function they serve in carcinogenesis.
In conclusion, it is suggested that miR-126 may inhibit the migratory and invasive capacities of EC cells, at least partially, by inhibiting the protein expression of its target IRS1. Therefore, the continued research into the function of particular miRNAs may aid the production of molecular targeted therapy for the treatment of EC.
